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Introducion
Since licensure of live measles vac-

cine in the United States in 1963, there has
been a marked reduction of reported mea-
sles incidence. In 1978, the United States
began an effort to eliminate indigenous
measles. The elimination strategy called
for achieving and maintaining high immu-
nization levels, careful surveillance, and
aggressive outbreak control. The high im-
munization levels were to be achieved us-
ing a single dose of measles vaccine.1

Although there has been a 98 to 99
percent reduction in the number of annual
reported cases from the pre-vaccine era,
measles outbreaks still occur. Two pre-
dominant patterns of measles transmis-
sion have been observed: outbreaks oc-
curring in predominately unvaccinated
inner-city preschool-age children, and
outbreaks occurring in highly vaccinated
secondary school and college popula-
tions.2,3 While most outbreaks occur in
secondary schools, cases from college
campuses have accounted for between 1.5
percent and 19.8 percent of cases each
year from 1980 to 1989 (Table 1).4,5 In
1983, the record low year for reported
measles cases, campus outbreaks and
non-campus cases associated with these
outbreaks accounted for 32.4 percent of
total cases.6

There are several reasons why mea-
sles outbreaks may be likely to occur in
colleges and universities. Some college-
aged students may not have been vacci-
nated in the early years following licen-
sure of measles vaccine; others may not
have been appropriately vaccinated at
school entry or thereafter. Data from sero-
logical surveys suggest that between 5 and
15 percent ofcollege-aged individuals may

be susceptible to measles.7 The propen-
sity for college students to congregate in
large groups and their travel to areas
where measles transmission is endemic
may increase the potential for introduc-
tion and spread ofmeasles virus on college
campuses.

School immunization laws have been
demonstrated to be an effective means of
assuring high measles vaccination levels
and preventing measles outbreaks among
kindergarten through 12th grade children
and adolescents.8 The American College
Health Association9-11 and the Immuniza-
tion Practices Advisory Committee of the
US Public Health Service (ACIP)12 have
recommended that colleges and universi-
ties require students to present evidence
of measles immunity as a condition for
enrollment. In early 1988, a measles
outbreak occurred at a college that had
implemented such an immunization re-
quirement. This outbreak provided an op-
portunity to investigate the occurrence of
measles in a highly vaccinated college
population and to examine potential risk
factors for measles vaccine failure.
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Background
Fort Lewis College is a public four-

year college in Durango, Colorado. There
were 3,555 students registered at the time
of the outbreak. Since September 1986,
the college has required students to pro-
vide proof ofimmunity to measles, as well
as to other vaccine-preventable diseases,
before enrolling. Adequate measles im-
munity was considered documentation of
physician-diagnosed measles, receipt of
live measles vaccine on or after the first
birthday, or serologic evidence of immu-
nity. Prior to this outbreak almost 99 per-
cent of the student population were in
compliance with this requirement and had
documentation on file at the student health
center.

Metos
Case Definition and Case
Ascertaimnent

A case of measles was defined as an
illness that met the Centers for Disease
Control clinical case definition13 (general-
ized maculopapular rash 23 days dura-
tion, fever >101 F, if measured, and at
least one of the following: cough, coryza,
or conjunctivitis). A suspected case was
any rash illness with fever; a confirmed
case met the clinical case definition and
was either serologically confirmed or ep-
idemiologically linked to another con-
firmed or clinical case of measles. A case
was considered to be serologically con-
firmed if there was a fourfold rise in titer
between acute and convalescent speci-
mens by the complement-fixation assay.

Students were informed about the
outbreak by class announcements, arti-
cles in the student newspaper, and reports
on the campus radio station. They were
instructed to report to the student health
service at the onset of any febrile or rash
illness. A disease control specialist from

the Colorado Department ofHealth inves-
tigated every suspected case.

Outbreak Control
On January 8, 1988, after the third

clinical case of measles was reported at
the college, a manual review of college
immunization records was conducted. A
total of 40 students were found without
documentation of measles immunity. All
but three of these students were promptly
vaccinated. The students not vaccinated
had medical exemptions to vaccination
and were excluded from campus for the
duration of the outbreak. On January 12,
1988, the Colorado Department of Health
placed the campus under public health or-
ders. All indoor sporting events and other
indoor college activities on or away from
campus were restricted to participants
who could show proof of measles immu-
nity. All Fort Lewis participants in inter-
collegiate activities were examined prior
to an event for signs and symptoms of
measles prodrome. Furthermore, no spec-
tators were allowed to attend these
events. In order to prevent further mea-
sles transmission, all suspected measles
cases among Fort Lewis College students
were isolated in special dormitory rooms
located near the student health service.

Retrospective Cohort Study
To investigate risk factors for mea-

sles vaccine failure, we conducted a ret-
rospective cohort study among all stu-
dents living in campus dormitories.
Vaccination histories were obtained from
student health center vaccination records.
Student variables collected include:
name, sex, race, class, date of birth, and
housing status. Students who had re-
ceived measles vaccine less than 14 days
prior to rash onset were considered to be
unvaccinated. We investigated the follow-
ing potential risk factors for vaccine fail-

ure: number of doses of measles vaccine
received, age at vaccination, and time
sincevaccination. Since several investiga-
tions of recent measles outbreaks have
found individuals vaccinated before 1980
to be at higher risk for measles than those
vaccinated in 1980 or after,'4we also eval-
uated year of vaccination.

Age at vaccinationwas defined as the
number of months between the date of
birth and the most recent vaccination date
on thevaccination record. Time sincevac-
cination was calculated as the number of
years between the date ofmost recentvac-
cination and the beginming of the outbreak
(January 1, 1988). The age-at-vaccination
analysis was limited to single dose vac-
cinees who were vaccinated before 1980;
the time-since-vaccination and year-of-
vaccination analyses were limited to sin-
gle dose vaccinees who were vaccinated
at 15 months of age or older. Finally, in
order to verify information contained in
case vaccination records, efforts were
made to contact health care providerswho
had administered the vaccine. A physi-
cian-verified vaccination record was de-
fined as confirmation of at least month and
year of vaccination.

Differences in attack rates among
groups in the retrospective cohort study
were measured using the chi-square and
Fisher's exact tests. Measles vaccine ef-
fectiveness and 95 percent confidence in-
tervals were calculated using the method
descnrbed by Orenstein, et al.15

Resums
Between December 15, 1987, and

March 10, 1988, a total of84 measles cases
in five generations of measles transmis-
sion occurred among Fort Lewis College
students (Figure 1). All cases satisfied the
clinical case definition for measles. Of the
total cases, 11 (13 percent) were serolog-
ically confirmed.

The index case was an 18-year-old
female freshman from South Carolinawho
had been vaccinated against measles at 14
months of age. The source ofher infection
is unknown. Measles transmission from
the index case to second generation cam-
pus cases occurred at the Durango airport.
Further measles transmission occurred
primarily in campus dining halls, in class-
rooms, and at several campus social
events. Therewas no spread ofmeasles to
other schools despite 10 inter-collegiate
indoor activities or games, and only five
cases were reported among non-college
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residents of Durango. Two of the non-

college cases were directly linked to the
index case.

Of the 84 cases, 70 (83 percent) oc-

curred in individuals with evidence of
measlesvaccination at 12 months ofage or
older, including 20 (24 percent) vaccinated
at 12 to 14 months of age. Of the 70 cases,

vaccination histories (89 percent) were

verified by the physician who had admin-
istered the vaccine. Five cases (6 percent)
occurred in persons vaccinated before the
first birthday, and 9 cases (11 percent) oc-

curred in persons without documentation
of measles vaccination. Of the cases in
students without documentation ofmeasles
vaccination, vaccine was not routinely rec-

ommended for four (two born before 1957,
two with a history of physician-diagnosed
measles), and a fifth student had a religious
exemption to vaccination.

Forty-six cases (55 percent) were

freshmen, 46 (55 percent) were males, and
53 (63 percent) occurred in students living
in campus dormitories. Seventy-five (89
percent) cases were White, seven (8 per-
cent) were Native American, one case (1
percent) was Black, and one (1 percent)
was Hispanic. Cases ranged in age from
17-32 years; 62 (74 percent) occurred in
persons 18-20 years of age.

The overall attack rate among Fort
Lewis College students was 2.4 percent.
There were no differences in attack rates
by race. Attack rates by housing status,
sex, and class are summarized in Table 2.
Students living in campus dormitories
were at higher risk for measles than stu-

dents living off-campus. When the analy-
sis was limited to students living in cam-
pus dormitories, differences in attack rates
by class are no longer observed.

In the retrospective cohort study
among students living in campus dormi-
tories, students without documentation
of measles vaccination and those vacci-
nated before 12 months of age were at
greater risk for measles than students
vaccinated at 12 months of age or older
(Table 3). No case of measles occurred in
46 students who had received two doses
of measles vaccine after 12 months of
age. Students vaccinated once at less
than 12 months or at 12 to 14 months of
age were at greater risk for measles than
those vaccinated once at 15 months of
age or greater. Although students vacci-
nated prior to 15 months of age were at
increased risk for measles, these cases

accounted for only 30 percent of the total
cases. Students vaccinated before 1980
were not at significantly increased risk for
measles compared with those vaccinated
in 1980 or after. No trend for increasing
attack rate with increasing time since
vaccination was observed among stu-
dents vaccinated once at 15 months of
age or older (Figure 2).

The estimates of vaccine effective-
ness among students living in campus dor-
mitories was 80 percent (95 percent CI =

51-92 percent) for vaccination at 12 to 14
months of age and 94 percent (95 percent
CI = 86-98 percent) for vaccination at 15
months or greater.

Dicussion
The Fort Lewis College measles out-

break occurred in spite of virtually com-
plete implementation of a prematricula-
tion measles vaccination requirement. It
was thus similar to outbreaks that have
occurred in recent years among highly
vaccinated junior and senior high school
populations.16-21 While the prematricula-
tion requirement may have prevented a
larger outbreak, it is apparent that measles
outbreaks, such as the one descnbed, can
occur in highly vaccinated populations.

In this outbreak, living in campus
dormitories was found to be a risk factor
for acquiring measles. The relatively
crowded living conditions and high con-
tact rate among students in a college dor-
mitory can facilitate measles virus trans-
mission from infected to susceptible
individuals.

Consistent with other investiga-
tions,22 vaccination before the age of 15
months was found to be a risk factor for
measlesvaccine failure. The increased rel-
ative risk observed in persons vaccinated
before 15 months of age has been attrib-
uted to the persistence of maternal anti-
body in infants, which interferes with live
measles vaccine. Although age of vacci-
nation was found to be a risk factor, 60
percent of cases occurred in students vac-
cinated at 15 months or older. As in other
investigations,,17,19,21,2324 there was no ev-
idence in this outbreak that the risk for
measles increases with time since vacci-
nation.

We did not find evidence that vacci-
nation prior to 1980 was a risk factor for
measles in this outbreak. Other investiga-
tions, however, have found this to be a
risk factor for measles vaccine failure.14
Prior to the addition of an improved heat
stabilizer to measles vaccine in 1979, in-
dividuals may have received a less effec-
tive vaccine, causing lower rates of sero-
conversion and an increased risk for
measles. Alternatively, one may specu-
late that the finding of a lower risk for
measles in individuals vaccinated since
1980 may be due to the possibility that
some of these persons may have, in fact,
been receiving a second dose of measles
vaccine. Students may often find it easier
to receive a second dose of measles vac-
cine than to obtain documentation of their
initial measles vaccination.

The investigation of this outbreak
found measles vaccine to be over 90 per-
cent effective forvaccination at 15 months
or greater. Other investigations have
found similar results.25 The occurrence of
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FIGURE 1-Reported Measles Cases by Week of Rash Onset, Fort Lewis College,
December 1987-March 1988.
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measles outbreaks in populations with
high immunization levels suggests that the
estimated 5 to 10 percent vaccine failure
rate may still provide enough susceptibles
to allow sustained transmission of a virus
as communicable as measles in some set-
tings, such as a college dormitory.

The two national advisory bodies for
immunization policy, the Committee on
Infectious Diseases of the American
Academy of Pediatrics (Red Book Com-
mittee) and the ACIP, have recently con-
sidered the problem of measles outbreaks
in highly vaccinated populations and have
recommended the institution of a routine

two-dose measles vaccination sched-
ule.26,27 Furthermore, both committees
recommend that college students have, at
the time of college entry, documentation
of having received two doses of measles
vaccine after the first birthday. The Amer-
ican College Health Association has en-
dorsed this recommendation.28 Prematric-
ulation immunization requirements
provide a mechanism for colleges and uni-
versities to ensure that students are in
compliance with this new recommenda-
tion.

Whether a second dose of measles
vaccine will significantly increase popula-
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FIGURE 2-Attack Rate by Time Since Vaccination, Fort Lewis College.t*

tion measles immunity and decrease the
risk of measles outbreaks is not conclu-
sively known. However, this investiga-
tion and several others have found lower
risks for measles in persons who received
two doses of vaccine.17"19'21'23 The power
of these studies to detect statistically sig-
nificant differences, however, was low
due to the relatively small number of mul-
tiple dose vaccinees. Experience from the
military suggests that a second dose of
measlesvaccine should be effective in pre-
venting outbreaks.29

Measles elimination has proved more
difficult than previously predicted.30 A
single dose strategy, while highly effec-
tive, has not been able to totally prevent
measles outbreaks. The full implementa-
tion of a routine two-dose measles vacci-
nation schedule, however, should help re-
duce measles outbreaks in highly
vaccinated populations. [1
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